Riparian areas generally support a greater number of vertebrate species and greater abundance of many species than adjacent uplands (Miller 1951, Thomas et al. 1979 , Oakley et al. 1985 . In Oregon and Washington, this "riparian influence" is supposedly the result of juxtaposition of water, cover, and food in most riparian areas; a greater diversity of plant composition and structure in riparian areas than adjacent uplands; higher edge-to-area ratios in riparian areas because their elongated shape maximizes edge effects; and more favorable microclimates in riparian areas than surrounding uplands because of increased humidity, higher rates of transpiration, and greater air movement (Oakley et al. 1985:64) . These conceptual values of riparian areas have stemmed largely from studies in relatively arid environments where transriparian gradients in microclimate and vegetation are pronounced (Johnson and Jones 1977, Tubbs 1980 , Szaro 1980 ). Under such conditions it is logical that the vegetatively more diverse and productive riparian areas support more species and numbers of wildlife than the relatively simple and less productive uplands. However, it is unclear whether this same conceptual model applies to moist coniferous forests in western Oregon where transriparian gradients are less dramatic.
In addition, much of our understanding of riparian-wildlife relationships is based on riparian areas associated with large streams and rivers where the riparian influence is relatively pronounced. It is unclear whether these relationships extend to smaller mountain streams; yet, small perennial or intermittent mountain streams constitute the majority (83%) of total stream mileage in the Pacific Northwest (Swank 1985) and are the focus of much of the riparian management controversy on commercial forestland there. Further, while the values of these riparian areas to water-dependent wildlife (e.g., fish, beaver [Castor canadensis], and American dipper [Cinclus mexicanus]) are undeniable, it is unclear whether these areas also provide preferred habitat for terrestrial vertebrates and whether these areas support more numbers and species of vertebrates than adjacent uplands, as is generally assumed.
We investigated the value of second-and third-order streamside areas to breeding birds in mature, unmanaged forest stands in the central Oregon Coast Range. Specifically, we tested the null hypothesis that vegetation composition and structure, bird species diversity, richness and evenness, and the abundance of several species did not differ between streamside and adjacent upslope areas.
We The entire area burned in the mid-1800's and regenerated naturally. As a result of past timber management, the forest currently possesses a bimodal age distribution, consisting of a matrix of mature (120-140 years), unmanaged forest stands dominated by Douglas-fir and red alder embedded with numerous small (8-25 ha), young (0-30 years), intensively managed, even-aged, Douglas-fir plantations.
METHODS

Sampling Design
We selected 6 second-and third-order streams (Strahler 1952 (Strahler :1120 (Fig.  1) . We established 8 sample points at 100-m intervals along each transect for a total of 48 streamside and 48 upslope sample points distributed evenly over the 6 stands. All sample points were >100 m from the nearest forest edge created by a road or young (-30 years), managed stand.
Vegetation Sampling
We sampled vegetation structure and composition in 20-m radius (0.13 ha) circular plots centered on the sample points. Forty-one habitat variables were either directly measured or derived for each plot (Table 1) . Vegetation cover was divided into 5 height strata based on the natural layering of the dominant vegetation. Each stratum represented a vertical section of an imaginary column extending from the forest floor to the forest canopy, although the separation of herbaceous and low shrub layers was based on plant species. Herbaceous layer included all herbs except ferns. Ferns were included in the low shrub layer because they were generally 0.3-1.3 m in height and functioned structurally more as shrubs than as herbaceous ground cover. We visually estimated the amount of vegetation cover present in each stratum independently; consequently, individual trees and shrubs often contributed cover to 2 or more strata. We also visually estimated total cover of forbs, grasses, ferns, 12 shrub species, and 7 tree species across all strata to evaluate floristic composition and species dominance. We tallied snag numbers by size ( 
Bird Sampling
We used a point count method to sample diurnal breeding birds. In 1988 and 1989, we sampled each stand 6 times at nearly regular intervals between 1 May and 4 July for a total of 12 visits/sample point. Surveys began 0-20 minutes before sunrise and ended within 4 hours after sunrise. We varied the order in which transects were sampled so that points on each transect were sampled 3 times during early morning and 3 times during mid-morning each year. On each visit to a sample point, we waited 2 minutes to allow birds to resume normal activity and then recorded all birds detected (aurally or visually) at any distance during an 8-minute sampling period. Whenever possible (87% of total detections), we noted the distance between bird and sample point when a bird was first detected, and mapped locations on a grid of 20-x 20-m squares superimposed on the landscape; birds with unknown distance and location (10% of total detections) and birds flying over a site (3% of total detections) were not included in the analysis. Although the same bird often was heard at more than 1 station along a transect, we attempted to record each individual only once. Our goal was to accurately estimate relative bird abundance at the transect level; therefore, transects were considered the independent observations for purposes of analysis (see below).
Visits were made by 3 observers in 1988 and 2 observers in 1989; 1 observer was the same in both years. Each observer's effort was distributed equally among all sample points to avoid systematic observer bias in the comparison of streamside and upslope bird communities. We attempted to minimize observer variability by subjecting observers to a 2-week training period prior to the start of each breeding season. transect by stand interaction was used as the error term to test the transect effect, unless the mean square error for the interaction term was less than the overall mean square error (i.e., F < 1), in which case the interaction term was left out of the model and transect was tested with the overall error term. This procedure controlled for differences among stands (analogous to a paired t-test in which transects were paired by stand) and, in effect, caused transects (rather than sample points) to serve as the independent observations. The ANOVA approach produced 96 residuals (associated with the 96 sample points) which enabled us to evaluate properties of the data (i.e., evaluate test assumptions) not possible with the paired t-test. Although the 96 residuals represented subsamples and were therefore not independent, test assumptions were better examined using the subsamples than limiting the residual analysis to the 12 independent samples (i.e., transects; T. Sabin, Oreg. State Univ., pers. commun. We summed bird detections (no. of individuals of each species detected during 6 visits) over sample points within each transect in each year and analyzed the data using 3-way ANOVA (6 stands by 2 transects by 2 years, n = 24) with stand as a block. Bird species diversity and evenness (Shannon and Weaver 1949), richness, total bird detections (pooled across all bird species), and total detections for each species with >_30 detections were dependent variables in separate ANOVA's. Bird species diversity, richness, and evenness measures included all species detected at least once within the restricted sampling area. Results were similar when only species detected on >2 visits to an individual transect in 1 year, a somewhat conservative estimate of species present on a particular site, were included in the analysis. As with the habitat analysis, the transect by stand interaction was used as the error term to test the transect effect, when appropriate. The transect by stand and transect by year interactions were interpreted as measures of consistency in transect effect among stands and between years, respectively. Based on an analysis of the residuals (n = 24) we logtransformed all dependent variables. All test statistics reported here are based on log-transformed variables; means and standard deviations are reported in original units.
Data Analysis
To evaluate similarity in bird community composition and structure between streamside and upslope transects, we computed 3 resemblance measures for each pair of transects. Again, we included all species detected at least once within the restricted sampling area, although results were similar when only species detected on >2 visits to an individual transect in 1 year were included in the analysis. We computed Jaccard's Coefficient of Community Similarity (Mueller-Dombois and Ellenberg 1974:212-214) to assess similarity in species composition. Jaccard's Index was defined as the number of species common to both transects divided by the total number of species found in both transects. It is zero when 2 communities have no species in common and is a maximum of 1 when 2 communities share all species. We computed Percentage of Similarity (Wolda 1981 ) and Horn's Index of Community Overlap (Horn 1966) to assess similarity in community composition and structure. Percent Similarity was defined as the sum of each species' lowest percent composition from either community. Horn's Index is based on information theory. Both indices are zero when 2 communities have no species in common and are a maximum of 1 when species composition and relative abundance are identical.
We also compared species' turnover rates (Rice et al. 1983 ) between streamside and upslope transects using a paired t-test with streamside and upslope transects paired by stand. We defined species' turnover rate for a transect as the percentage of the total number of species detected on the transect that were present in only 1 year. A species was present on a transect if it was detected within 20 m on either side of the transect at least once. Based on the conservative estimate of species' presence (i.e., detected on >2 visits to the transect in 1 year), species' turnover rates were much lower but conclusions remained the same. Because we were not directly comparing streamside and upslope transects, it was not necessary to account for the reduced detectability along streams. Therefore, all birds detected within the 40-rh wide band along each transect were included in this analysis.
RESULTS
Vegetation
Vegetation structure differed between streamside and upslope transects. Streamsides had more herbaceous, tall shrub, and midstory cover and less low shrub and overstory cover than upslope areas (Table 2 ). Vegetation along streams was distributed more uniformly among the herbaceous, midstory, and overstory strata than upslopes, where vegetation was disproportionately concentrated in the overstory stratum (Table 2) . Streamsides also had distinctly lower conifer basal area and fewer snags of several Floristic composition differed noticeably besize and decay classes, particularly the later stages tween streamsides and upslope areas. Differof decay (decay classes 4-6), than upslopes (Taences in growth-form among plant species largeble 2).
ly accounted for differences in vegetation structure between transects. Percent cover of common plant species was markedly different between areas, and a few uncommon plant species were exclusively associated with either streamsides or upslope areas (Table 2 ). In particular, streamsides were characterized by a greater cover of forbs, salmonberry, vine maple, stinking currant, devil's club, red alder, and western redcedar, while upslope areas were characterized by a greater cover of ferns, salal, Oregon grape, huckleberry, and Douglas-fir (Table 2 ).
Birds
We detected 9,168 birds representing 55 species on all visits to the sites including all detections. Twenty-one percent (1,910/9,168) of the birds and 60% (33/55) of the species (see Appendix and text for scientific names) were detected within the restricted sampling area (Fig.  1) ; 10 species had >-30 detections.
Breeding bird communities in streamside and upslope areas had similar species' turnover rates (x ? SE)(stream, 42.6 ? 3.8%, n = 6; upslope, 40.6 ? 6.3%, n = 6; paired t-test, 5 df, P = 0.758) yet were quite dissimilar in species composition (Jaccard's Index, 0.54 ? 0.03, n = 6) and community structure (Percent Similarity, 0.49 ? 0.02, n = 6; Horn's Index, 0.72 ? 0.02, n = 6). Mean bird species diversity, richness, and total bird abundance per transect were greater along upslope transects than along streams (Table 3) . Upslope areas accounted for 61% (1,173/1,910) of the total number of birds detected. In addition, 91% (30/33) of the bird species were detected in upslope areas, in contrast to only 67% (22/33) along streams (Appendix). Upslope areas exclusively contributed 33% (11/33) of the species, whereas streamside areas exclusively contributed only 9% (3/33) of the species; 2 of the species exclusively detected along streamsides were detected only on a single occasion (Appendix).
Individually, more bird species exhibited greater abundance along upslope transects than along streams. Knopf 1991) , the relatively low bird diversity of streamside areas in our study did not appear to be misleading. Only 3 species were detected exclusively along streams (Appendix), none of which seem to be strongly associated with second-or third-order streamsides in mature forests of the region. Winter wrens and Swainson's thrushes did show significant associations with streamsides, yet these species also were 2 of the most abundant species detected during this study (Appendix), and both were common along upslope transects. Consequently, neither species could be considered a strong streamside associate. The remainder of the species detected along streams were either common, cosmopolitan species or were detected in equal or greater numbers in upslope areas (Appendix). Thus, streamside areas offered habitats for few unique terrestrial bird species during the breeding season.
The 7 species which showed significant associations with either upslope or streamside areas (Table 3) Second, in relatively arid environments, transriparian gradients in microclimate are likely to be much more dramatic than in the Coast Range mountains of Oregon where the climate is moderated by the maritime influence. Consequently, any microclimatic influence on the energetic costs associated with factors such as thermoregulation or the distribution of invertebrates, which serve as a prey base for many forest birds, may make riparian areas more favorable in arid environments. Such influences likely are less pronounced or perhaps absent in the central Oregon Coast Range.
Last, in relatively arid environments, high bird species diversity in riparian areas, compared to surrounding uplands, may be attributable to the higher structural complexity and floristic richness of riparian vegetation. In the moist coniferous forests of our study area, however, the predictive value of vegetation structure may be less important because the surrounding uplands are forested, and the transriparian gradients in vegetation structure are relatively subtle (Salt 1957 , Hair et al. 1979 ). In our study, upslope areas contained important structural characteristics, such as abundant large conifers and snags, which were absent from many of the streamside areas. The scarcity of large conifers along these mountain streams may be related to geomorphic disturbance patterns (e.g., frequent debris flows) which favor tree species like red alder. Lower snag densities along streams was likely a result of there being fewer large conifers. Large conifer snags persist much longer than hardwood snags (Cline et al. 1980) and account for most decay class 4-6 snags present in the study area. The presence of these particular structural features in upslope areas may explain the greater bird species richness we observed there.
Scope and Limitations
The scope of our study was restricted in several ways. These limitations identify additional research needs and should be understood carefully before these results are applied in a management context. First, the geographic scope of our study was limited to Drift Creek basin; it is uncertain whether the patterns we observed hold for the entire central Oregon Coast Range or beyond, although we believe the sites that we sampled were typical of the region. Second, our sampling was limited to the interior of mature, unmanaged coniferous and mixed coniferous-deciduous stands. We are unable to infer about patterns in young, managed stands or about potential bird associations in narrow streamside buffer strips of mature forest. Third, our study was limited to second-and third-order streams. Results from other studies suggest that streamside versus upslope associations may vary significantly along the intrariparian gradient. Knopf (1985) noted a change in streamside-upslope associations along an elevational gradient in the Colorado Front Range, and Stauffer and Best (1980) noted a strong positive correlation between bird species richness and the width of riparian habitat in Iowa. Based on results of these and other studies, it is conceivable that species richness and the number of unique species found along streamsides may be greater than upslope forests further downstream where edaphic, hydrologic, and geomorphic conditions interact with geomorphic disturbance processes to create a larger and more distinct (i.e., unique) riparian vegetation community.
Fourth, our sampling was limited to diurnal birds during the breeding season. Nocturnal birds were not included in our quantification of bird communities and, more importantly, we did not assess seasonal changes in streamside-upslope bird associations. Bird community organization is known to fluctuate seasonally in a variety of habitat types, including riparian areas (Fretwell 1972, Rice et al. 1980 , Szaro 1980 . Finally, our sampling was designed to estimate relative abundance of birds in plant communities adjacent to streams (i.e., streamsides) and upslope areas based largely on aural detections of singing and calling birds (96% of detections were aural). We did not attempt to assess bird use of the stream itself either by water-associated species (e.g., American dippers, mallards [Anas platyrhynchos], etc.) or by terrestrial species. Consequently, upslope birds may have gone undetected if they periodically used streams without vocalizing, or drank and bathed during afternoons or evenings.
MANAGEMENT IMPLICATIONS
The strength and durability of the current riparian-wildlife conceptual model is based on its general applicability and its strong communicative power. However, the very strength of this conceptual model has inhibited researchers and land managers from questioning its applicability in specific environmental settings and has led land managers and others to believe that riparian areas universally support more species and numbers of vertebrates than uplands. As a result, those land managers interested in biodiversity often have focused wildlife management efforts on riparian areas with less regard for uplands. In western Oregon, for example, riparian management strategies have been developed for the protection of multiple forest resources, including water, fish, and wildlife, and management efforts often have given disproportionate attention to riparian areas because of the these multiple resource values. However, these efforts have proceeded with little or no quantitative understanding of how riparian areas contribute to the needs of terrestrial vertebrates across the landscape.
It has been widely assumed that streamside areas provide habitat for more terrestrial vertebrates than other habitats. Our results suggest that this assumption may not be true for diurnal birds along second-and third-order streams in mature forests, and riparian management alone may not meet the needs of the breeding avifauna of mature forest stands of the central Oregon Coast Range; a landscape-level approach that considers upslope habitat and riparian habitat in conjunction may be more effective.
Recently, it has been suggested that streamside areas function as natural migration routes and travel corridors for the movement and dispersal of animals among suitable habitat patches (Wauer 1977 . Thus, land managers may wish to consider expanding riparian corridor width to include optimal habitat for these and other species associated with mature forests and upslope areas, although further research is necessary to determine the ap-propriate corridor width for each species. Alternatively, upslope corridors of mature forest could be maintained, and intervening managed forest stands could be made more permeable to these species by retaining significant amounts of within-stand structure (e.g., snags, large conifers) during harvest. A coordinated network of upslope and streamside mature forest corridors to connect mature forest patches with permeable intervening stands may be the most effective overall strategy.
Streamside vegetation composition and structure may be important in determining the suitability of streamside areas for-some breeding bird species. Our results suggest that 4 of the 5 bird species associated with upslope areas may have been responding to the distribution of snags and conifers. Silvicultural strategies which promote the development of large conifers and large conifer snags in some streamside areas may make these areas more suitable to species currently associated with upslope areas. Because timber management practices such as clearcutting create edge, concern has arisen that these practices are contributing to regional declines of forest interior birds (Wilcove 1988). With few exceptions, studies on the effects of forest fragmentation have been conducted in small woodlots in suburban or agricultural areas, or along permanently maintained edges. It is unclear if edges created by clearcutting in large forests could cause similar edge effects and the
